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Sediment oxygen demand (SOD) and nutrients releases from the bottom
sediments of a water body are important parameters to be included in studies of water
quality processes. Two methods to measure SOD, in situ and at laboratory, were applied
at Eckie’s Pond on late spring of 2015. Based upon preliminary results, which showed
greater values for the in situ method, some modifications of procedures and equipment
were made to improve the measurements. Another set of measurements were made on
June of 2016, however their results were not conclusive to establish a correlation between
these methodologies. As a result of this research, three standard operating procedures
(SOP) have been established to measure SOD at shallow waters, first in situ, second at
laboratory, and a third SOP to analyze nutrients and metals by using a spectrophotometer.
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CHAPTER I
INTRODUCTION
1.1

Background
Since the early years of the water quality studies it has been known that

interaction between bottom sediment and overlying water performs a fundamental role on
the quality conditions of a water body (Martin 2013; Davis and Lathrop-Davis 1986).
These interactions include the uptake of oxygen from the water column and the bottom
sediment. Sediment oxygen demand (SOD) is the rate at which dissolved oxygen (DO) is
removed from the water column in lakes, rivers and estuaries due to the decomposition of
organic material in the bottom sediments (Hatcher 1986a).
Dissolved oxygen (DO) is used to in the decomposition of bottom sediments; this
process is called sediment diagenesis and it is basically the mineralization of organic
matter to produce inorganic forms of nutrients such as nitrogen and phosphorus.
Diagenesis involves the reactions that mineralize particulate organic matter (POM) in the
sediment (i.e. it converts POM into soluble intermediates) (Di Toro 2001). Sediment
fluxes refer to the exchange of substances between sediment and overlying water; these
exchanges are the result of biochemical processes that decompose the particles that have
decayed to the bottom of the sediment into new substances after diagenetic reactions have
taken place.
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SOD has commonly been measured using either core or in-situ chamber
techniques. Whittemore (1986 & 1992) has made comparisons between SOD results
obtained by in situ method and laboratory techniques, however as the author admits it
was not possible conclude which method was preferable because of the heterogeneity of
data used; the data was obtained from studies that were not intended to compare
methodologies. Comparisons between SOD methods have also been difficult because of
the lack of standard operating procedures (SOP) for the different methodologies. USEPA
(2015) has established a SOP for the in-situ chambers method. However, there is not any
SOP for other methods. The primary purpose of this study was to design a comparison of
the two methodologies and establish a SOP of the laboratory core methodology.
1.2

Methods for the Analysis of Sediment Oxygen Demands and Nutrient
Releases: Literature Review
Initial attempts to determine SOD were focused in qualitative evaluations that

described the processes in the benthic zone that affect the content of DO in the water
column through the sediment oxygen uptake. Since the 1950s several methods have been
developed to measure the values of SOD and the fluxes of nutrients between sediment
and overlying water (Davis and Lathrop-Davis 1986).
Methods to measure SOD can be distributed between four main groups (Vigil
1992): Non-aerated flux chambers, continuous flow chambers, DO microelectrodes, and
sediment incubation techniques. The literature shows that non-aerated flux chambers
have been the most common methodology applied to measure SOD in both laboratory
and in situ conditions.
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Non-aerated flux chambers are devices that isolate a constant volume of water
that is in contact with the bottom sediment and measure water quality parameters by
either using sensors or collecting water to be analyzed in laboratory (Berelson and
Hamond 1990). They are usually named either benthic chambers or chambers when they
mean to be used in situ, and sediment cores when they are applied to laboratory
conditions; differences between chambers and sediment cores are beyond the name and
include size, material, and stirring system.
Continuous flow chambers are applied to measure SOD in a laboratory. These
chambers are open systems that have a known sediment area and a continuous flow of
water circulating over the sediments; SOD is determined by the difference of DO
concentration measured in both inflow and outflow water. This method is usually
selected when it is desired to test different parameters under steady state conditions (Vigil
1992).
DO microelectrodes are effective for determining SOD in situ and under
laboratory conditions based on microprofile measurements, however these measurements
are representative of a very small area near the tip of the microelectrode and it is not clear
how to integrate them into larger areas (de la Fuente 2014).
Sediment incubation techniques are applied either in laboratory or in situ where
the samples are left into the water body to maintain the fluctuations in temperature; these
samples are measured during long periods from weeks to months. Variations in the
concentrations of solutes are determined in time and along the depth of the sample (Vigil
1992).
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Measurements in situ have been carried out along the country by federal agencies
(e.g. USEPA, USGS); several of these studies have used non-aerated flux chambers, also
named respirometers, which consists in cylinders that are located on the bottom of lakes,
rivers, or sea and they include some probes, connected to their lids, which permit to
measure DO and temperature, and sometimes other parameters such as turbidity,
conductivity, pH, which depends upon the kind of probe that is employed. These devices
have pumps and diffusers that create a constant flow of the water trapped into the
chambers for either emulate natural flow conditions or maintain homogeneity of the
volume of water enclosed into the chamber. It is for this method that USEPA has
developed a SOP that focuses on measuring SOD in deep water bodies that require the
assistance of a diver (USEPA 2015).
The in-situ chambers method is commonly considered to be the most accurate to
determine SOD and it is used as basis of comparison with other methodologies; however,
this method is also expensive and high demanding for time, resources, and training for
the research crew (Hatcher 1986b). Since data is obtained while measuring DO depletion
in-situ, the results can be analyzed before leaving the place of study, which is a
considerable advantage over laboratory methodology (Murphy and Hicks 1986).
Since the in-situ chambers method determines SOD by measuring the reduction of
DO concentration in a constant volume of water (V), DO that fluxes through a constant
area of sediment (A), it has been established the importance of achieving the appropriate
V/A ratio, which dictates the following operational considerations: (1) the amount of DO
available into the chamber, (2) the range of SOD rates capable of being sampled, (3) the
rate of change detection capability, (4) the time required to conduct SOD experiments,
4

and (5) resuspension effects (Murphy and Hicks 1986). The standard operating procedure
for sediment oxygen demand measurement establishes that all the chambers employed by
USEPA Region 4 have a V/A ratio of approximately 240, where volume is expressed in
litters (L) and area has units of square meters (m2) (USEPA 2015).
The laboratory method measures the oxygen uptake rate from a minimally
disturbed sediment core samples placed in a laboratory incubator (Hatcher 1986b). This
method has been suggested as surrogate for in situ chambers and has multiple advantages
in comparison to the in situ method, such as reduction in time and resources for
extracting the sediment cores (Whittemore 1992). Another advantage includes
experiment replication and the ability to control factors such as temperature and light
(Longaker and Poppe 1986). The controlled conditions permit determination of the SOD
rates and correlations with these factors. Longaker and Poppe (1986) also mention that
results from the laboratory method have a tendency to show lower values of SOD than
those measured by the in situ method, which has been attributed to compaction and
disturbance of sediments during the handling and transportation processes.
There are few studies reported in the literature comparing and analyzing the
results obtained by both in situ and laboratory methods; most of the research on SOD has
been made by using either method. A comparison between non-aerated flux chambers in
situ and laboratory conditions was made at the Tennessee-Tombigbee Waterway within
the boundaries of the state of Mississippi and the results showed a good correlation for
values measured in laboratory and those that were obtained in situ (Truax, Shindala, and
Sartain 1995). However, the same study indicates there are differences between both
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methods when the benthic zone is composed by large-grained materials (e.g. sand), and
concludes that the sample collection method must be refined to obtain large-grain media.
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CHAPTER II
STUDY OBJECTIVES AND DESIGN
2.1

Study Objectives
The major purpose of this study was to establish standard operating procedures

(SOP) to measure SOD both in situ and laboratory at shallow water bodies, and nutrients
releases from the sediment, by using the equipment that is available in the Civil and
Environmental Engineering Department of MSU. A secondary goal was to make a
comparison between in situ and laboratory methods applied to measure SOD, and
establish a numerical correlation that would permit evaluation of the laboratory method
as surrogate for in situ method.
2.2

Study Design: in situ method
This study was designed to apply the in situ method in shallow waters that avoid

using divers for the deployment of chambers on the bottom sediment of the water body.
To minimize the factors that would affect SOD measurements, it was decided that the
water body had to be small, homogeneous, flat, and have as few inflows and outflows as
possible. These characteristics were used to identify two small lakes located on the MSU
campus, where measurements were made on late Spring of 2015 and 2016.

9

2.3

Study Design: laboratory method
To accomplish the secondary goal of this study, it was decided that sediment

samples (cores) to measure SOD under laboratory conditions had to be collected at places
next to those used by the in situ method, and as close as possible to them with no
disturbance of bottom sediment while handling the sediment cores.
2.4

Study Design: water column sampling
To obtain a water quality profile of the water column that surrounds the bottom

sediments that are subject of analysis, it is necessary to take measurements of DO
concentrations and water temperature along depth of the water column. For this study,
measurements were taken every 10 cm, using a YSI Pro ODO probe, at a point located in
the middle of the area under analysis by either in situ or laboratory method. Water
samples required to both fill the incubator and analyze the physical and chemical
conditions were taken from the bottom water column, as close as possible to the sediment
without causing resuspension.
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CHAPTER III
FIELD AND LABORATORY STUDIES
3.1

SOD measurements
Eckie’s Pond, a small lake in MSU campus, was selected as the location for the

first measurements of SOD both in field in-situ and in laboratory. The area of this water
body is 0.55 ha and the inflow corresponds to rainfall and runoff from the adjacent lands,
which create a small watershed of 1 ha approximately. Measurements were made near the
shoreline, where depth of water column was not deeper than 30”, and were carried out
between May 20 and June 17 of 2014.
Data for both in situ and laboratory methods were collected through YSI Pro
ODO probes, downloaded to a PC, and used to make graphs of DO concentration versus
time, such that showed in Figures 3.1 and 3.2; then a linear regression was computed,
using spreadsheet Excel, to determine DO depletion rate as the slope of the linear
equation obtained by the regression.
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Figure 3.1

DO concentration vs Time; values correspond to in situ measurements

Figure 3.1 shows the values of DO concentration measured in situ for two hours;
the values of slope correspond to the DO depletion rate, which were computed as -0.021
and -0.0203 mg/L/min for chamber 1 and 2, respectively.

12

Figure 3.2

DO concentration vs Time; values correspond to laboratory method

Figure 3.2 shows the DO depletion rates that were measured in laboratory for
sediment cores that were sampled on May 28-2015 at Eckie’s Pond from a site next to the
point of deployment of the chambers employed for in situ method. The cores were
incubated overnight and reaerated in advance to the measurements; although temperature
of water column in the cores was close to the values measured in situ, the initial values of
DO concentration in the laboratory method were smaller than those obtained in situ.

13

Table 3.1

DO depletion and SOD values determined in Eckie’s Pond by using both
chambers and cores on May of 2015
MAY 20
Dodepletion

SOD

Dodepletion

SOD

(mg/L/min)

(g O2/m2/day)

(mg/L/min)

(g O2/m2/day)

CHAMBER 1
CHAMBER 2
CORE 1
CORE 2
CORE 3
BLANK

Table 3.2

-0.0211
-0.0178
-0.0002
-0.0095
-0.0083
-0.0010

6.9458
5.8595
-0.2633
2.7981
2.4030

-0.0210
-0.0203
-0.0083
-0.0098
-0.0096
-0.0011

-

6.9129
6.6824
2.3701
2.8639
2.7981
-

DO depletion and SOD values determined in Eckie’s Pond by using both
chambers and cores on June of 2015
JUNE 03
Dodepletion
SOD
(mg/L/min)

CHAMBER 1
CHAMBER 2
CORE 1
CORE 2
CORE 3
BLANK

MAY 28

-0.0052
-0.0041
-0.0056
-0.0069
-0.0075
-0.0022

(g O2/m2/day)

1.7118
1.3497
1.1192
1.5472
1.7447
-

JUNE 09
Dodepletion
SOD
(mg/L/min)

-0.0206
-0.0211
-0.0084
-0.0131
-0.0080
-0.0014

(g O2/m2/day)

6.7812
6.9458
2.3043
3.8515
2.1726
-

JUNE 17
Dodepletion
SOD
(mg/L/min)

-0.0228
-0.0227
-0.0130
-0.0114
-0.0249
-0.0032

(g O2/m2/day)

7.5054
7.4725
3.2260
2.6993
7.1433
-

Tables 3.1 and 3.2 illustrate the results obtained after measuring DO depletion in
chambers and cores, and determining SOD after subtracting the value of DO depletion in
the blank, which corresponds to the oxygen uptake generated by the water column. It
shows that SOD determined by the in situ method is greater than SOD values obtained in
laboratory, where the former ranged from 1.3497 to 7.5054 g O2/m2/day, and the later
ranged from 1.1192 to 7.1433 g O2/m2/day; although on June 3 values were
exceptionally close for both methods. The negative value of SOD for the core 1 on May
14

20-2015 was attributed to a mistake made in the procedure of sealing the core that
permitted the entry of air.
The difference between results of the two methods could be caused by
resuspension of sediments during deployment of the chambers on the bottom sediment.
Chambers were deployed by personnel that walked into the pond. Equipment used to
make the measurements described above was borrowed from USEPA Region 4 in
Athens, GA. USEPA sediment cores used 1 ½”-stir bars below the square caps of the
cores; and individual magnetic engines located on the top of each cap, which had an
adjustable speed button, and made difficult to achieve equal rotation velocity for all the
stir bars. The incubator used for USEPA laboratory method was a plastic tank that was
filled to three quarters of the cores height with water from the pond; it was not possible to
cover completely the cores because of the presence of the magnetic engines located on
the cores square caps.
As a result of the differences between the two methods for measuring SOD it was
clear that modifications of the procedures were necessary to improve the methodologies
and make a comparison between them. A visit was made to University of Maryland
Center for Environmental Science (UMCES), Horn Point Environmental Laboratory,
located in Cambridge, MD, where the team headed by Dr. Jeffrey C. Cornwell showed
and discussed the equipment and methods employed by them for many years of
measurements made in Chesapeake Bay.
The modifications in the procedures included using a boat for avoiding
resuspension during the deployment of chambers in situ and sampling the sediment cores.
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A new stainless steel incubator and stirring system were added to improve the results of
incubation under laboratory conditions.
Measurements on 2016 could not be made in Eckie’s Pond because of the
intervention for maintenance. A lake with similar conditions was found behind Social
Science Research Center, in MSU campus, and the new equipment was tested there.
Table 3.3

DO depletion and SOD values determined in the lake behind SSRC by
using both chambers and cores on June of 2016
JUNE 08

CHAMBER 1
CHAMBER 2
CORE 1
CORE 2
CORE 3
BLANK

JUNE 23

Dodepletion

SOD

Dodepletion

SOD

(mg/L/min)

(g O2/m2/day)

(mg/L/min)

(g O2/m2/day)

-0.0070
-0.0068
-0.0091
-0.0108
-0.0102
-0.0060

0.3290
0.2630
1.0205
1.5801
1.3826
-

-0.0185
-0.0147
-0.0175
-0.0146
-0.0124
-0.0045

4.6086
3.3577
5.9207
5.2733
3.6283
-

The values of DO depletion and SOD determined with the new equipment are
shown in Table 3.3. Values of SOD determined by chambers method, on June 8-2016,
were much smaller than those determined by sediment cores. This could have been
caused by some flux of DO into the chambers while making measurements. On June 232016 the values obtained by both methods were close, and values obtained in laboratory
were a little greater than values in situ.
Unfortunately, the bottom sediment of this lake, at the shallowest areas near
shoreline, is not flat and deployment of chambers was difficult. In addition, although
sediment was soft the particles were not cohesive the extraction of sediment cores
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produced some disturbance. Because of these issues, two complete set of measurements
by both methods were made only, and they were not conclusive.
3.2

DO oversaturation
Although incubation of sediment cores in laboratory permits control of water

temperature and reaeration for attaining the same initial concentration of DO that was
measured in situ, this last condition was not always achieved since initial DO
concentrations in situ were oversaturated more often than not, see Table 3.4, and it was
not possible to reproduce oversaturation conditions in the incubator.
Table 3.4

Initial conditions measured in situ

DATE
(mm-dd-yyyy)

May 20 - 2015
May 20 - 2015
May 28 - 2015
May 28 - 2015
June 03 - 2015
June 03 - 2015
June 09 - 2015
June 09 - 2015
June 17 - 2015
June 17 - 2015
June 08 - 2016
June 08 - 2016
June 23 - 2016
June 23 - 2016

CHAMBER
1
2
1
2
1
2
1
2
1
2
1
2
1
2

(mm Hg)

TEMPERA
TURE

INITIAL
DO

DO
SATURATION

(oC)

(mg/L)

(%)

754.26
754.49
757.41
757.49
754.11
754.11
752.31
752.31
756.66
756.89
754.86
754.79
757.86
757.86

26.2
26.2
25.3
25.3
26.5
26.4
29.1
29.1
31.1
31.1
26.9
26.9
30.8
31.0

6.12
6.48
9.86
9.42
12.63
13.09
10.92
10.2
7.31
7.87
6.32
6.36
8.46
9.34

76.3
80.8
120.4
115.0
158.3
163.8
143.7
134.3
99.0
106.6
79.7
80.2
113.8
126.1

BAROMETER

Measurements showed in Table 3.4 were made using YSI Pro ODO probes into
the chambers and they were confirmed, at least once, by using the YSI multiparameter
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6920 water quality sonde on the water column close to the chambers. Although the
displays of YSI Pro ODO instruments show DO concentrations as both mg/L and
percentage of saturation, when data are exported they have units of mg/L only. The
values of the column DO Saturation, in Table 3.4, were calculated by using the equations
below that compute the saturation concentration of DO adjusted by temperature and
barometric pressure, respectively (Chapra 2014).
ln 𝑜𝑠𝑓 = −139.34411 +

1.575701×105
𝑇𝑎

−

6.642308×107
𝑇𝑎2

+

1.2438×1010
𝑇𝑎3

−

8.621949×1011
𝑇𝑎4

(3.1)

where
osf: saturation concentration of DO in fresh water at 1 atm (mg/L)
Ta: absolute temperature (K)

𝑝
(1− 𝑤𝑣 )(1−𝜃𝑝)

𝑜𝑠𝑝 = 𝑜𝑠1 𝑝 [ (1−𝑝𝑝

𝑤𝑣 )(1−𝜃)

(3.2)

]

where
osp: saturation concentration of DO at p (mg/L)
os1: saturation concentration of DO at 1 atm (mg/L)
p: atmospheric pressure (atm)
pwv: partial pressure of water vapor (atm)
pwv was computed by
ln 𝑝𝑤𝑣 = 11.8571 −

3840.7
𝑇𝑎

−

216,961
𝑇𝑎2

(3.3)

Parameter  was calculated as follows
𝜃 = 0.000975 − 1.426 × 10−5 𝑇 + 6.436 × 10−8 𝑇 2
where
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(3.4)

T: temperature (oC)
Values of DO saturation in Table 3.4 were compared, at least once, with those
showed on displays of YSI Pro ODO probes and they were very close, which confirms
that YSI instruments applies the same equations for computing DO saturation as function
of temperature and barometric pressure.
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CHAPTER IV
DEVELOPMENT OF STANDARD OPERATING PROCEDURES (SOP)
Following the guidelines established by USEPA (2007) three standard operating
procedures have been established to measure SOD and nutrients releases from the bottom
sediment of a water body, as described below.
4.1
4.1.1

In situ Determination of Sediment Oxygen Demand and Nutrient Exchange
Purpose and applicability
The purpose of this standard operating procedure (SOP) is to establish an in situ

method to determine SOD and nutrient exchange from the sediment to the water column,
by the deployment of chambers over the bottom of a water body. The procedures
described in this SOP apply to shallow fresh waters.
4.1.2

Method summary
Chambers are deployed on the bottom sediment of a water body to isolate a

known volume of water. Continuous measurements of DO concentrations are taken for a
period of 2 hours; while simultaneously water samples are taken from the chambers every
30 minutes. Water samples are later analyzed in laboratory to determine nutrients releases
from the sediment. An additional water sample from the bottom of the water body is
taken to determine oxygen uptake by the water column and a water column profile is
done by using a multi-parameter sonde.
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4.1.3

Definitions

Figure 4.1



Chamber: It is a device composed by an aluminum cylinder, open in its
bottom and closed in its top, that is deployed over the bottom of a water
body and isolates the liquid into itself; it includes a 12 VDC electrical
pump, connected to a couple of diffusers, which recirculates the water
inside the chamber. See Figure 4.1 and Figure 4.2.



Shallow Water: For this procedure it refers to water bodies where depth of
water column is between 18” and 30”.

SOD chamber; bottom view
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Figure 4.2

4.1.4

SOD chamber; bottom view

Health and safety warnings
Personnel involved in this procedure should wear appropriate clothes based on

local weather conditions; in addition, while staying on the boat they must wear protective
clothing, e.g. life vest.
4.1.5

Cautions
The selected places to deploy the chambers must be as flat as possible and should

be free of obstacles, e.g. rocks, branches, that prevent the chambers get into the sediment
as expected. Since these places should be representative of general conditions for the
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section of the water body under analysis, they should avoid being close to areas with
special hydraulic conditions such as inflow, outflow, and point discharges.
4.1.6

Interferences
Resuspension of the bottom sediment produces variations in the rate of SOD

determined through the chambers. Presence of macro-fauna could interfere the readings
of DO concentration by causing resuspension or respiratory processes.

4.1.7



Equipment and supplies



Chambers



Battery 12 VDC



YSI Professional Optical Dissolved Oxygen (Pro ODO) instrument



YSI 650 MDS Multi-Parameter Display System, it includes MultiParameter 6920 water quality sonde



Glass bottles 250 mL sealed with rubber stoppers



Siphon device



Cooler



4 L Plastic water tank



Plastic core 4” diameter



Boat

Procedures

4.1.7.1

Chambers deployment and SOD measurements
1.

Launch the boat into the water at a place located down waters from the
measurements point, at a distance that should be sufficient to prevent that
resuspension, caused by the location of the boat into the water, creates any
alteration on the selected place.
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2.

Locate the chambers on the bottom sediment at the selected place.
Because of the size and weight of the chambers, they should be deployed
softly by two people. The chamber’s lid must be open to permit that water
flows through it while the chamber descends to the bottom of the water
body.

3.

Examine the chambers, which must get 0.05 m depth into the sediment to
isolate completely the water in the chambers. When bottom sediments are
hard to be penetrated just for the weight of chambers apply force to the
chambers by knocking them with a rubber hammer.

4.

Purge the pumps by turning them on and connect their flexible outputs to
the barbed plastic ports located on the cap of each chamber; turn the
pumps off.

5.

Seal the chambers by fitting the screws on the lid and place an YSI
ProODO probe into the lid of every chamber, see Figure 4.3; chambers
must remain stable for at least 20 minutes before starting measuring DO.

6.

Start pumping and wait for 10 minutes to mix completely the water
contained in the chambers, then start taking measurements.

7.

Prior to taking measurements, set up the data logger to record data every 5
minutes and then register DO values for at least two hours; since data
loggers display instantaneous values continuously, they should be checked
out regularly to confirm the reliability of the procedure.

Figure 4.3

Sealing SOD chambers
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4.1.7.2

Water Samples collection for nutrient exchange
Taking samples from the water that is isolated in the chambers is required to

determine nutrient releases through laboratory analysis, which is documented at the
Determination of Nutrients Releases SOP. Water samples must be taken when start
logging DO every 30 minutes until finishing records of DO. The procedure below
describes the activities that must be followed every time water samples are taken.
Cap a 250 mL glass bottle with the siphon device, which must be closed, and
submerge it into the water body; connect the free side of the flexible tubing to one of the
sample ports of the chamber by removing the rubber stopper; open the siphon device and
remove the other rubber stopper on the sample port to permit replacing the volume
extracted for the sample. See Figure 4.4.
Once the glass bottle has been filled, cap the sample port with the rubber stoppers,
close the siphon device and take off the glass bottle, which must be stored into a cooler
with ice and avoiding sunlight to prevent photoreactions and biological activity.
Water samples must be transported to the laboratory immediately after finishing
measurements in situ.
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Figure 4.4

4.1.7.3

Water sample bottle and siphon device

Water Column Profile
While taking records for the chambers, a multi-parameter profile of the water

column should be generated. Measurements are taken at the time of extracting water
samples. Place the YSI Multi-Parameter water quality sonde into the water body to
measure temperature, DO, turbidity, conductivity, and pH. The probe should be located at
different depths every 10 cm from surface to a distance close to the bottom without
disturbing it.
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4.1.7.4

Water Column Oxygen Demand
Chamber measurements determine the variation of DO concentration in the water

column as a result of both SOD and water column oxygen demand itself. The latter is
determined by following the steps described below.

4.1.8

1.

Take a 4 L water sample close to the bottom sediment without disturbing
it; store the sample in a cooler with ice and under dark conditions, and
transport it to the laboratory immediately after finishing measurements in
situ.

2.

Deposit the water sample into a 4”-diamenter plastic core and follow the
procedures established in Determination of Sediment Oxygen Demand:
Incubation Method SOP (Section 5.2) to determine DO variation under
laboratory conditions, which uses cores to measure water column oxygen
demand.

Calculations
1.

Plot the DO concentration versus time with data obtained from chambers
and water column core in laboratory; determine the rate of variation of DO
as the slope of the curve generated by linear regression (b in equation 1).

2.

Subtract the value of DO variation rate for the water column from the
values determined for the chambers. Determine SOD for every chamber
by computing the next equation
𝑆𝑂𝐷𝑇 = −1.44 𝑏

𝑉
𝐴

(4.1)

where
SODT: Sediment Oxygen Demand at water temperature (g O2 m-2 day-1)
b: Chamber DO rate (mg O2 L-1 min-1)
V: Water volume in the chamber (L)
A: Area of bottom sediment under chamber (m2)
Note that chambers DO rates (b) are expected to be negative since the chambers
are sealed while oxygen is consumed by both sediment and water column. To calculate
the SOD at 20 oC, use equation 2.
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𝑆𝑂𝐷20 =

𝑆𝑂𝐷𝑇
1.065(𝑇−20)

(4.2)

where
SOD20: Sediment Oxygen Demand at 20 oC (g O2 m-2 day-1)
T: Water temperature (oC)
4.1.9

Records management
All data collected by YSI ProODO probes are recorded in data loggers and can be

downloaded by using YSI Data Manager Software to spreadsheets, which then are used
for getting graphs and computing rates. Data that were measured with YSI multiparameter water quality probe to make the water column profile are registered on the
Water Column Profile form (see Appendix A).
4.1.10

4.2
4.2.1

QC & QA


Multi-parameter sonde and DO probes must be maintained under wet
conditions when they are in storage. Barometric pressure must be adjusted
to calibrate the probes every time they are used (see Appendix C).



Every chamber deployment must have a minimum of one duplicate, that is
two chambers at least, and the complete set should have one replicate in
the same water body under similar conditions.

Determination of Sediment Oxygen Demand and nutrient releases:
Incubation Method
Purpose and applicability
The purpose of this SOP is to establish a method to determine SOD and nutrient

releases based on sediment analyzed under laboratory conditions; this method applies to
undisturbed sediment samples.
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4.2.2

Method summary
This method describes the collection, incubation and reaeration of sediment cores

to measure SOD and determine nutrient releases from the sediment.
4.2.3

4.2.4

Definitions


Core: It refers to a plastic pipe that contains either sediment sample
covered by water, or water sample only.



Corer: Device used to obtain either sediment or water samples; it is
composed by a rubber ring to take the core, a ball valve that permits to
evacuate water while the corer is descending into the water column and
suction when corer is ascending to the surface, and an axis to handle it,
which can be extended as long as required by the depth of the water body.



Incubator: It is a stainless steel cylindrical water tank used to control water
temperature inside cores and stir the water column while determining SOD
and nutrients releases.

Health and safety warnings
Personnel involved in field activities should wear appropriate clothes based on

local weather conditions. During the incubation and determination of SOD and nutrient
releases the personnel should wear laboratory clothes such as white coats and gloves.
Incubator equipment includes a strong magnet which can cause damage to
electronic devices; personnel must be aware of this situation and avoid having electronic
devices and magnetic cards with them while working on this procedure.
4.2.5

Caution
DO probes must be calibrated by current barometric pressure parameter prior to

the beginning of measurements.
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4.2.6

Interferences
Resuspension of sediments produces variations in the rate of SOD determined

through this procedure. Presence of macrofauna could interfere with the readings of DO
concentration by either causing resuspension or through respiration processes.
4.2.7

Equipment and supplies


YSI Professional Optical Dissolved Oxygen (Pro ODO) instrument



YSI 650 MDS Multi-Parameter Display System, it includes MultiParameter 6920 water



Plastic cores 4” diameter



Corer



Stainless steel incubator



Water bath



Heater thank



Peristaltic pump



Magnetic stirrer motor



Air pump



Core caps



Sealing caps



Cooler



Aluminum foil



Ice



Nut driver



Boat
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4.2.8

Procedure

4.2.8.1

Cores Collection
1.

Connect a core to the corer, by using the rubber collar, and introduce them
into the water to the bottom sediment; penetrate the core into the sediment
7 inches by forcing it by hand or using a rubber hummer to hit the corer
axis softly.

2.

Pull the core vertically toward water surface and cover the bottom of the
core with a core cap before it gets outside the water; place the core over a
sealing cap and fix it firmly by using a nut driver. Cover the top of the
core with a core cap and use tape to seal it completely. See Figure 4.5.

3.

Collect 80 L water sample by using plastic tanks that are submerged into
the water body as close as possible to the bottom sediment without
disturbing it. Maintain the water sample under dark conditions to reduce
photo reactions and biological activity.

Figure 4.5

SOD core
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4.2.8.2

Water Column Profile
Place the YSI Multi-Parameter water quality sonde into the water body to

measure temperature, DO, turbidity, conductivity, and pH. The probe should be located a
different depths every 10 cm from surface to a distance close to the bottom without
disturbing it.
4.2.8.3

Storage and Transportation
1.

Cover the core with aluminum foil to avoid light inside and place it at
vertical position into a cooler with ice.

2.

Transport the cores and the water sample to the laboratory immediately
after being collected and avoid as possible strong movements that could
disturb the sediment inside them and produce resuspension.

4.2.8.4

Incubation
1.

Locate the cores into the incubator and fill it with water from the water
body under study; water level is 2 cm above the top of the cores.

2.

Set up the temperature of the water bath 2 oC over the temperature
measured in situ and let the cores get steady conditions overnight or at
least six hours after getting the same temperature of the water body. See
Figure 4.6 and Figure 4.7.
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Figure 4.6

Incubation system components

Figure 4.7

SOD core incubator
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4.2.8.5

Reaeration
Measure DO concentration inside the cores; if the value is lower than what was

measured in situ reaerate the water by starting an air pump connected to a manifold that
extends a single output into each core.
4.2.8.6

Measurements
Cap all the cores, including the one filled with water only (to determine
DO consumption and nutrients releases from the water column); avoid
bubbles inside cores by rinsing the caps with the water that surrounds the
cores.



Start stirring water in the cores by turning on the 12 VDC engine that turns
the magnet in the center of the incubator; after 5 minutes connect a DO
probe into each core and start logging every 5 minutes for at least 2 hours.

4.2.8.7



4.2.9

Water Samples
1.

Fill a 3L plastic tank with water from the lake and connect it to a manifold
for replacing the volume of water extracted from every core to determine
nutrients releases.

2.

Connect a syringe over every cap to take water samples at the starting of
measuring DO, then every 30 minutes until finishing measurements 2
hours later.

3.

Store the water samples at a cooler or freezer before starting analysis
following the laboratory Analysis SOP.

Records management
Data collected using DO probes and registered in data loggers is downloaded by

exporting csv type spreadsheets to make graphs and compute rates. Data measured in
field to make the water column profile is registered by hand in Water Column Profile
form and filed adequately with the QA/QC of the project.
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4.2.10

4.3

QC & QA


Multi-parameter sonde and DO probes must be maintained under wet
conditions when they are in storage. Barometric pressure must be adjusted
to calibrate the probes every time they are used (see Apendix C).



Every set of sediment cores must have a minimum of one core as a
duplicate, and the sampling process should be replicated at least once in
the same water body under similar conditions.



Temperature of the water into sediment cores must be checked every 15
minutes during the period of recording DO depletion, and it must be
adjusted if variation with the desired value is equal or greater than 1 oC.

Determination of Nutrients Releases
This document contains the several procedures required to conduct the specific

analyses included in this SOP, by following the steps that the HACH company has
published at technical datasheets to be applied to its spectrophotometer DR 1900.
4.3.1

Purpose and applicability
The purpose of this SOP is to establish the method to determine nutrient releases

from sediment. This method applies to water samples taken from either the bottom of the
water body, or the SOD chambers deployed in situ, or SOD cores in the laboratory.
4.3.2

Summary
Spectrophotometer procedures are described in this section for the determination

of concentrations of nutrients in water samples taken from SOD analyses under either in
situ or laboratory conditions.
4.3.3

Definitions
Nutrient: refers to both elements and ionic forms to be determined by the

procedures of this SOP. These include: Total Nitrogen (NT), Simplified Total Kjeldahl
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Nitrogen (s-TKN), Ammonia (NH3-N), Nitrate (NO3), Nitrite (NO2), Phosphorus (P),
Iron (Fe) and Aluminum (Al).
4.3.4

Health and safety warnings
The analyst should wear gloves and appropriate laboratory clothes while

performing the procedures of this SOP.

4.3.5



Mouth pipetting is prohibited.



All accidents, particularly those which may result in infection, shall be
reported to the Laboratory supervisor.



The analyst must follow the disposal procedures established by the
laboratory Safety Coordinator.

Cautions
Some analyses can be carried out with samples that have been stored. Stoed

samples require special attention to temperature that must be constant during the storage
period.
4.3.6

Interferences
The presence of several elements would produce interference in the readings

obtained by the spectrophotometer method of this SOP; these interferences are function
of the concentration of the element that interferes either analysis. The specific
interferences for every nutrient method might be consulted in the technical sheets of the
manufacturer.
4.3.7

Equipment and supplies


HACH DR 1900 VIS spectrophotometer



HACH DRB200 digital reactor block
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4.3.8



TNT plus reagent sets no. 827 – 830 – 832 – 836 – 839 – 843 – 848 – 858
– 880



Pipettor, adjustable volume, 1.0 – 5.0 mL



Pipettor, adjustable volume, 0.2 – 1.0 mL



Pipet tips



Test tube rack



Sulfuric acid, concentrated



Hydrochloric acid, concentrated



Nitric acid, concentrated



Sodium hydroxide standard solution, 5.0 N



Thermometer

Procedures
Determine the nutrients releases from water samples immediately after they have

been collected; when it is not possible, the samples must be preserved as described
below.
4.3.8.1

Sample Preservation
Store all the samples in plastic or glass bottles that had been washed with

hydrochloric acid 6N and rinsed with deionized water; do not use detergent with
phosphate, which causes alterations when measuring phosphorus.
Preservation conditions are determined by the specific nutrient that is going to be
analyzed.
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4.3.8.1.1

Sample preservation to determine Total Nitrogen (NT), Simplified
Total Kjeldahl Nitrogen (s-TKN), Nitrate (NO3), and Phosphorus (P)


Reduce the samples pH to less than 2 by adding concentrated sulfuric acid
(H2SO4), approximately 2 mL per liter



Maintain the samples at or below 6 oC for a maximum period of 28 days
except for nitrate, which has a maximum period of preservation of 14 days

4.3.8.1.2

Sample preservation to determine Ammonia (NH3-N)


Reduce the samples pH to less than 2 by adding concentrated hydrochloric
acid (HCl)



Maintain the samples at or below 6 oC for a maximum period of 28 days

4.3.8.1.3

Sample preservation to determine nitrite (NO2)


4.3.8.1.4

4.3.8.2

4.3.8.3

Maintain the samples at or below 6 oC for a maximum period of 48 hours
Sample preservation to determine iron (Fe) and aluminum (Al)



Reduce the samples pH to less than 2 by adding concentrated nitric acid
(HNO3), approximately 2 mL per liter



Maintain the samples at room temperature for a maximum period of 6
months

Samples Conditions before Analysis


Let the samples get room temperature before analysis



Adjust pH to 7 by adding sodium hydroxide (NaOH) 5N to the samples,
except by those used to measure iron and aluminum, which pH must be
adjusted between 2.5 to 3.5.

Samples Measurements

4.3.8.3.1

Total Nitrogen (NT)


Turn on the DRB200 reactor and set temperature to 100 oC
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Add 0.5 mL of water sample, 2.0 mL of solution A, and 1 reagent B tablet,
in quick succession, to a dry 20-mm reaction tube



Close the reaction tube immediately; do not invert it



Insert the reaction tube in the preheated DRB200 reactor and close the lid



Keep the reaction tube in the reactor for 1 hour



Remove the tube from the reactor and let it to get room temperature



Add 1 micro-cap C to the reaction tube



Close the reaction tube and invert it until it gets completely mixed



Add 0.5 mL of the digested sample from the 20-mm reaction tube into a
test vial



Add 0.2 mL of solution D to the test vial



Tighten the cap on the vial quickly and invert it until it gets completely
mixed



Let the test vial remain still for 15 minutes



Turn on DR 1900 spectrophotometer and select program 827



Insert the test vial, which has been previously cleaned, into the cell holder
and select “Read” on the display

4.3.8.3.2

Simplified Total Kjeldahl Nitrogen (s-TKN)


Turn on the DRB200 reactor and set temperature to 100 oC



Add 1.3 mL of water sample, 1.3 mL of solution A, and 1 reagent B tablet,
in quick succession, to a dry 20-mm reaction tube



Close the reaction tube immediately; do not invert it



Insert the reaction tube in the preheated DRB200 reactor and close the lid



Keep the reaction tube in the reactor for 1 hour



Remove the tube from the reactor and let it to get room temperature



Add 1 micro-cap C to the reaction tube
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Close the reaction tube and invert it until it gets completely mixed



Add 0.5 mL of the digested sample from the 20-mm reaction tube into a
test vial (red label)



Add 0.2 mL of solution D to the test vial



Tighten the cap on the vial quickly and invert it until it gets completely
mixed



Add 1.0 mL of undigested water sample to a test vial (green label)



Add 0.2 mL of solution D to the test vial



Tighten the cap on the vial quickly and invert it until it gets completely
mixed



Let the test vials remain quiet for 15 minutes



Turn on DR 1900 spectrophotometer and select program 880



Insert the test vial 1 (red label), which has been previously cleaned, into
the cell holder and select “Zero” on the display
When display shows E1 immediately insert the test vial 2 (green label),
which has been previously cleaned, into the cell holder and select “Read”
on the display



4.3.8.3.3

Ammonia (NH3-N)


Select the ammonia TNTplus set to use based upon the range of
concentration expected to be measured; TNTplus 830 applies to samples
with NH3-N in the range of 0.015 to 2.0 mg/L; and TNTplus 832 applies
for a range of 2.0 to 47.0 mg/L



Remove the lid from the DosiCap Zip carefully cap and remove the cap
from the test vial



Add 5.0 mL of water sample to the test vial, immediately turn the DosiCap
Zip over the test vial (the reagent side goes on the vial), and tighten the
cap on the vial



Shake the vial 2 – 3 times to dissolve the reagent in the cap; look through
the open end of the DosiCap to make sure that the reagent has been
dissolved
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Let the test vial remain quiet for 15 minutes



Invert the vial 2 – 3 times (the color is stable for an additional 15 minutes
period)



Turn on DR 1900 spectrophotometer and select program 830 or 832, based
upon the TNTplus set selected previously



Insert the test vial, which has been previously cleaned, into the cell holder
and select “Read” on the display

4.3.8.3.4

Nitrate (NO3)


Add 0.2 mL of water sample to the test vial and 1.0 mL of solution A to
the test vial



Tighten the cap on the vial quickly and invert it until it gets completely
mixed



Let the test vial remain quiet for 15 minutes



Turn on DR 1900 spectrophotometer and select program 836



Insert the test vial, which has been previously cleaned, into the cell holder
and select “Read” on the display

4.3.8.3.5

Nitrite (NO2)


Remove the lid from the DosiCap Zip carefully cap and remove the cap
from the test vial



Add 2.0 mL of water sample to the test vial, immediately turn the DosiCap
Zip over the test vial (the reagent side goes on the vial), and tighten the
cap on the vial



Shake the vial 2 – 3 times to dissolve the reagent in the cap; look through
the open end of the DosiCap to make sure that the reagent has been
dissolved



Let the test vial remain quiet for 10 minutes



Turn on DR 1900 spectrophotometer and select program 839



Insert the test vial, which has been previously cleaned, into the cell holder
and select “Read” on the display
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4.3.8.3.6

Phosphorus (P)


Turn on the DRB200 reactor and set temperature to 100 oC



Remove the lid from the DosiCap Zip carefully cap and remove the cap
from the test vial



Add 2.0 mL of water sample to the test vial



Turn the DosiCap Zip over the test vial (the reagent side goes on the vial),
and tighten the cap on the vial



Shake the vial 2 – 3 times to dissolve the reagent in the cap; look through
the open end of the DosiCap to make sure that the reagent has been
dissolved



Insert the reaction tube in the preheated DRB200 reactor and close the lid



Keep the reaction tube in the reactor for 1 hour



Remove the tube from the reactor and let it to get room temperature



Add 0.2 mL of solution B to the test vial; tighten the cap on the solution B
immediately



Put a grey DosiCap C on the vial; tighten it on the vial and invert it 2 – 3
times



Let the test vial remain quiet for 10 minutes



Invert the vial 2 – 3 times



Turn on DR 1900 spectrophotometer and select program 843



Insert the test vial, which has been previously cleaned, into the cell holder
and select “Read” on the display

4.3.8.3.7

Iron (Fe)


Add 2.0 mL of water sample to the test vial



Tighten the cap on the vial and invert it until it gets completely mixed



Let the test vial remain quiet for 15 minutes



Turn on DR 1900 spectrophotometer and select program 858
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4.3.8.3.8

4.3.9

Insert the test vial, which has been previously cleaned, into the cell holder
and select “Read” on the display
Aluminum (Al)



Add 2.0 mL of solution A to the test vial



Add 3.0 mL of water sample to the test vial



Add one level spoonful of reagent B to the test vial



Let the test vial remain quiet for 25 minutes



Turn on DR 1900 spectrophotometer and select program 848



Insert the Zero vial, which has been previously cleaned, into the cell
holder and select “Zero”, then the display shows L1



Insert the test vial, which has been previously cleaned, into the cell holder
and select “Read” on the display

Records management
Fill in the Nutrients Releases Form by writing the concentration readings for

every single sample (see Appendix B).
4.3.10

QC & QA
The number of duplicates and replicates for the analyses described in this SOP

must be equal to those established for the SOD measurement method that is the source of
the samples under analysis in this SOP (see sections 5.1 and 5.2).
Calibration of the chemical analyses described in this SOP must follow the
procedures indicated by the manufacturer in the technical datasheet of each chemical
analysis.
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CHAPTER V
SUMMARY AND DISCUSSION
SOD and nutrients release from the bottom sediments of a water body are
important factors in studies of water quality processes. Two methods to measure SOD
were applied at Eckie’s Pond in the late spring of 2015. Based upon preliminary results,
which showed greater values for the chambers method, some modifications of procedures
were made to improve the measurement techniques. One of the modifications was to
sample from a boat rather than wading, to minimize resuspension. Improvements in
laboratory method were made based on a visit to UMCES Horn Point Laboratory to
review their methodologies. The improvements included building a new stainless steel
incubator, capable of containing up to ten sediment cores each 4” diameter. In addition,
the stirring system was changed by the inclusion of magnetic rotator placed in the middle
of the incubator, and stir bars below the square caps of each core, permitting constant and
equal rotation velocity for the stir bars inside the cores.
The methodology generally is based on mimicking field conditions in waters in
the laboratory incubator. However, frequent field measurements for DO were
supersaturated, which could not be replicated in the laboratory. According to the
technical note “Environmental Dissolved Oxygen Values Above 100% Air Saturation”,
published by YSI Environmental (see Appendix D), DO oversaturation occurs because
equilibrium condition for the concentration of oxygen between the water column and the
46

atmosphere does not occur instantly as temperature changes, and it is seldom rapid except
in fast-flowing streams. This consideration has been accepted as the most possible cause
of the readings obtained in situ, since the lakes, where this study took place, are very
small water bodies that maintain quiet conditions. Since it was not possible to achieve
supersaturated conditions in laboratory, it is necessary to determine, previous to field
work, seasons and times of measurement to attain similar initial conditions, related to DO
concentration, in both laboratory and in situ methods.
Another area for further investigation is the design of the corer used in the field. It
is necessary to evaluate the corer used in this study because of the difficulty that occurs
when sediment is formed by either coarse or non-cohesive particles so that taking an
intact core is problematic.
Three SOPs for measuring SOD in situ and laboratory, and analyzing nutrients
fluxes were established based on the experience from preliminary measurements and
results of this study, and the specific equipment available from the Civil and
Environmental Engineering Department of MSU.
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WATER COLUMN PROFILE FORM
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WATER COLUMN PROFILE
Date
(MMDDYYYY)

Location
Observations

TIME
(hhmm)

DEPTH
(cm)

TEMP.
(oC)

CONDUCTIVITY
(mS/cm)
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pH

TURBIDITY
(NTU)

DO
(mg/L)

NUTRIENTS RELEASES FORM
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NUTRIENTS RELEASES
Water Column

SOD Chamber

SOD Core

Sampling Date (MMDDYYYY)
Analysis Date (MMDDYYYY)
Preserved Samples
NUTRIENT
[units]
Total Nitrogen
[mg/L N]
Simplified TKN
[mg/L TKN]
Ammonia
[mg/L NH3-N]
Nitrate
[mg/L NO3-N]
Nitrite
[mg/L NO2-N]
Phosphorus
[mg/L PO43--N]
Iron
[mg/L Fe]
Aluminum
[mg/L Al]
Observations:

YES
Time
0 min

NO
Time
30 min
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Time
60 min

Time
90 min

Time
120 min

DO PROBE CALIBRATION
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DO probes must be calibrated every time they are used to record DO
concentration either in situ or laboratory; under normal circumstances the probes might
be calibrated based upon barometric pressure value at the moment of starting
measurements. The equation below is required by YSI, the manufacturer of the probes, to
compute the value that must be input the data logger to calibrate the probe.
True BP = [Corrected BP] – [2.5*(Local Altitude/100)]

(C.1)

Where
True BP: Value to be used during calibration process (mm Hg)
Corrected BP: Barometric pressure value consulted at meteorological services
(mm Hg)
Local Altitude: Altitude above of sea level (ft)
For additional details about calibration and operation of the probes the YSI
ProODO user manual should be consulted.
https://www.ysi.com/File%20Library/Documents/Manuals/626279-YSI-ProODOUser-Manual-RevC.pdf
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YSI TECH NOTE: DO OVERSATURATION READINGS

54

YSI Environmental, a division of the company that manufactures the DO probes
used in this research, has released the technical note “Environmental Dissolved Oxygen
Values Above 100% Air Saturation”. This document contains explanations, given by the
company, to explain why it is possible to measure DO concentrations over 100% under
natural conditions.
Comparing the local conditions of the lakes where the measurements of this
research were made with the causes exposed in the technical note it could be that stagnant
condition of these lakes delays the process of equilibrium of DO concentration between
atmosphere and the water column, and thermal variations on the water column are faster,
which explains why around noon, when temperature is higher, the DO concentration is
similar to values obtained early at sunrise time.
For additional information the document can be consulted at the website of the
company.
https://www.ysi.com/File%20Library/Documents/Technical%20Notes/T602Environmental-Dissolved-Oxygen-Values-Above-100-percent-Air-Saturation.pdf
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